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目的 研究白血病抑制因子(Leukemia inhibition factor，LIF)及其相关信号通路分
子在急性和慢性高眼压大鼠视网膜中表达的动态变化，并初步探讨其意义。 
方法 1.健康 SD 大鼠以前房灌注正常生理盐水的方法使眼压升高至 70 mmHg，维
持 1 h。右眼作为正常对照。回复正常眼压后 12h、24h、2 d、3 d 和 7 d 处死动
物。 
2. 健康SD大鼠烧灼巩膜上静脉建立慢性高眼压模型，眼压升高后3 d、1 w、2 w、
3 w、4 w 处死动物。分别取上述模型动物的视网膜组织行 TUNEL 染色检测视网
膜神经节细胞凋亡，以 HE 染色检测视网膜组织结构变化，透射电子显微镜下观
察视网膜组织。取视网膜组织提取总蛋白及总 RNA，以 Western blot 法检测视网
膜中 LIF、LIF-receptor (LIFR)及 LIF 下游信号通路分子 signal transducers and 
transcription activators 3 (STAT3)、磷酸化 STAT3 (P-STAT3)、serine-threonine kinase 
(Akt)、磷酸化 Akt(P-Akt)、extracellular regulated protein kinases (ERK)和磷酸化































压后 LIF 蛋白表达上调，慢性高眼压后 2 w 表达最高；LIFR 蛋白表达水平高于
正常对照组，慢性高眼压后 4 w 表达最高。LIF mRNA 表达明显上调，慢性高眼
压后 3d 表达最高，LIFR mRNA 表达显著高于正常对照组，并于 4 w 时达最高水
平。下游信号分子蛋白 STAT3、Akt 及其磷酸化形式 P-STAT3、P-Akt 表达均高
于对照组；与正常对照相比，慢性高眼压组 ERK 表达水平无明显变化，P-ERK
表达水平 2 w 时无明显变化，3 d、1 w、3 w 和 4 w 时表达下调。 
结论 LIF 在急性及慢性高眼压大鼠视网膜中表达的动态变化，提示其可能参与了
大鼠视网膜和视神经的损伤/保护过程，STAT3、P-STAT3、Akt、P-Akt 与 LIF 蛋
白表达的一致性变化提示 LIF 可能是通过 JAK/STAT3 及 Akt 信号通路介导视网
膜和视神经的损伤/保护过程。 
 



































Purpose To investigate the expression of leukemia inhibitory factor (LIF) and its 
downstream signaling pathways in the rat retina of experimental glaucoma model. 
Methods 1.The acute ocular hypertension was established by infusing the anterior 
chamber with normal saline and the intraocular pressure(IOP) was elevated to 110 
mmHg for an hour. The retinal tissues were obtained at 12 h, 24 h, 2 d, 3 d and 7 d 
after the ocular hypertension was ceased.  
2.Chronic ocular hypertension was induced by episcleral vein cautery. The retinal 
tissues were obtained at 3 d, 1 w, 2 w, 3 w and 4 w after chronic ocular hypertension 
was ceased.Hematoxylin and eosin (H&E) and TUNEL staining were conducted to 
assess the morphological change and the apoptosis of retinal cells, respectively. 
Transmission electron microscope was used to determine the presence of apoptic cells 
in the retina. The expression of LIF, LIF receptor (LIFR), STAT3, phosphorylated 
STAT3(P-STAT3), Akt, phosphorylated-Akt (P-Akt), ERK, phosphorylated ERK 
(P-ERK) was determined at different time points after ocular hypertension by western 
blot analysis. Quantitative real-time PCR was conducted to detect the expression of 
LIF and LIFR mRNA. 
Results 1.At 12 h, 24 h, 2 d, 3 d and 7 d of reperfusion, the thickness of the inner 
nuclear layer and the inner plexiform layer was decreased and the cell arrangement of 
retinal ganglion cells (RGCs) and INL was irregular with a significant reduction in the 
RGC counting. Late apoptosis phenomenon characterized by chromatin condensation 
and margination, mitochondrial vacuolization and swellingoccurred at 12 h and 3 d 
after acute ocular hypertension. Both the expression of LIF protein and mRNA were 
increased after acute ocular hypertension and reached the highest level at 12 h after 
retinal reperfusion. The LIFR protein and mRNA levels were both upregulated and 
peaked at 3 d after retinal reperfusion. At 12 h after retinal reperfusion, the levels of 
P-STAT3 and P-Akt were significantly higher than in the normal retina, while P-ERK 
was detected to be reduced since 12 h after the retinal reperfusion in the rat retina. 
2.The thickness of the inner nuclear layer and the outer plexiform layer was decreased 
and the nucleus of (RGCs) were in different size with a significant reduction in the 
RGC counting. The thickness of retinal nerve fiber layer was significantly decreased 
















of apoptosis cells were significantly increased after chronic ocular hypertension 
compared with normal retina. Both the expression of LIF protein and mRNA were 
increased after chronic ocular hypertension. The expression of LIF protein reached the 
highest level at 2 w after chronic ocular hypertension while the level of LIF mRNA 
reached the highest at 3 d after chronic ocular hypertension. The LIFR protein and 
mRNA levels were both upregulated and peaked at 4 w after chronic ocular 
hypertension. At 3 d after chronic ocular hypertension, the levels of P-STAT3 and 
P-Akt were significantly higher than in the normal retina.The expression of P-ERK 
was detected to be reduced in the rat retinaat3 d、1 w、3 w、4 w after chronic ocular 
hypertension,while the expression of P-ERK at 2 w after chronic ocular hypertension 
has no signigicantly difference with the normal retina. 
Conclusion The change in the expression of LIF and LIFR after ocular hypertension 
suggests that LIF may probably play an important role in the process of retinal 
degeneration/protection induced by experimental galucoma via the activation of 
JAK-STAT3 and Akt signaling pathways. 
Keywords: leukemia inhibitory factor; acute ocular hypertension; chronic ocular 
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第一章 前 言 
青光眼是全球第一位的不可逆性致盲眼病，世界卫生组织的统计数据表明
2010 年青光眼占全球视觉缺陷和致盲眼病的比率分别为 2 %和 8 %。在 1990 至
2010 年间由于全球老年人数量的增加导致因青光眼引起的致残率增加了一倍多
[1]。2010 年全球有 6000 多万人患青光眼，至 2020 年全球青光眼的患病人数将增









共同通路被认为是视神经节细胞（retinal ganglion cell）的死亡。Quig1ey 等[2]首
先在灵长类动物实验性青光眼模型中发现了 RGC 凋亡，他们用 TUNEL 染色法
检测实验性青光眼神经节细胞中的凋亡，发现实验性青光眼动物 RGC 细胞凋亡








































子沿着成熟 RGC 轴突的逆向运输持续进行，因此 RGC 靶点分泌 NGF 和 BDNF
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